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Instruments used f o r  p a r t i c l e  beam measurements o f t e n  appear as t r u e  

cur ren t  sources.  A s  such, t h e  assoc ia ted  e l e c t r o n i c s  can only be properly 

t e s t e d  with a source of s i m i l a r  c h a r a c t e r i s t i c s .  While pulsed cur ren t  

sources can be e a s i l y  designed f o r  milliampere and g r e a t e r  cur ren ts ,  

submicroampere sources are d i f f i c u l t  t o  bui ld .  This note  descr ibes  the  

design of a pulsed cur ren t  source usable  i n  t h e  range from 100 picoamperes 

0 t o  2 microamperes. 

A t r u e  cur ren t  source appears t o  be of i n f i n i t e  impedance. A s  such, a 

load  r e s i s t o r  has no e f f e c t  upon t h e  cur ren t  being supplied.  I n  con t r a s t ,  a 

vol tage  source provides t h e  cur ren t  needed t o  maintain the  required output 

voltage.  Examples of t r u e  cur ren t  sources are t h e  output of a Faraday Cup, 

a secondary emission de tec to r  or  an ion  chamber. A t  some poin t ,  even these  

devices can affect the  cur ren t  i f  t he  vol tage produced i n  them by the beam 

s i g n a l  in f luences  the  production mechanism. 

I n  t e s t i n g  the  e l ec t ron ic s  used t o  observe such s igna l s ,  care must be 

taken t o  s imulate  the  s i g n a l  source properly.  I f  a vol tage  source i s  

connected t o  t h e  input  of t he  c i r c u i t ,  t he  cur ren t  i s  determined by the  

input  r e s i s t a n c e  and t h e  source impedance. 

a cur ren t  ampl i f ie r  t h i s  can lead  t o  an e r r o r .  I n  the  open c i r c u i t  case 

(normal opera t ion)  only t h e  unamplified o f f s e t  is  seen at t h e  output ,  s ince  

no cur ren t  flows. If t h e  test source impedance i s  f i n i t e  then the  o f f s e t  

vo l tage  w i l l  cause cur ren t  t o  flow from t h e  input  and appear amplif ied at 

I n  a c i r c u i t  designed t o  work as 
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t h e  output .  

ampl i f ied  o f f s e t ,  t o  remain when t h e  test vol tage  source i s  removed. Thus a 

genera tor  which approaches a t r u e  cu r ren t  source  i s  requi red  f o r  proper 

t e s t i n g  of c e r t a i n  types of ins t rumenta t ion  e l e c t r o n i c s .  

Zeroing the  a m p l i f i e r  t h i s  w i l l  cause an opposi te  vol tage,  t h e  

In  t h e  Heavy Ion Transfer  Line (HITL) between t h e  Tandem Van de Graaff 

and t h e  AGS, Faraday cups and beam transformers  w i l l  be used t o  measure t h e  

beam i n t e n s i t y .  The expected cu r ren t s  are i n  t h e  range from 10 - 200 nA f o r  

t h e  dc beam and 1 - 100 VA f o r  t h e  pulsed beams, wi th  a risetime of under 20 

usec. A cur ren t  source was requi red  t o  test t h e  ampl i f ie rs .  Pulsed cu r ren t  

sources  us ing  opamps and t r a n s i s t o r s  w e r e  not  usable  i n  these  cu r ren t  

ranges.  A high  q u a l i t y  pulsed low cu r ren t  source has been b u i l t  us ing  a FET 

as a switched v a r i a b l e  h igh  va lue  r e s i s t o r  wi th  feedback f o r  cu r ren t  

c o n t r o l  . 
By c a r e f u l l y  l ay ing  out t h e  c i r c u i t  and s h i e l d i n g  inpu t  and output  

l eads ,  switching sp ikes  have been e l imina ted  f o r  c u r r e n t s  over a few 

nanoamperes. For lower cu r ren t s ,  they s t i l l  appear un le s s  t h e  FET is  b iased  

s l i g h t l y  "on" (200 picoamperes) . Output risetime depends upon t h e  load  

r e s i s t a n c e  and capaci tance,  s i n c e  t h e  output  cu r ren t  i s  f ixed .  For s h o r t  

l eads  a 10 microsecond risetime i n t o  50 kQ w a s  obtained. 

Operation of t h e  c i r c u i t  can be understood from Figure  1. The 1 M Q  
r e s i s t o r  (R7) is  used t o  sense  t h e  cu r ren t  f lowing through t h e  FET (Ql). 

The d i f f e r e n c e  between t h i s  s i g n a l  and t h e  r e fe rence  i s  ampl i f ied  and 

appl ied  t o  t h e  ga t e  of t h e  FET t o  a d j u s t  i ts  r e s i s t a n c e  t o  produce t h e  

des i r ed  cu r ren t .  The va lue  of t h e  cu r ren t  sens ing  r e s i s t o r  is  a compromise 

between t h e  need f o r  adequate vol tage  when providing low cu r ren t ,  and 

s a t u r a t i o n  of t h e  ampl i f i e r ,  o r  "squeezing" of t h e  FET, when de l ive r ing  h igh  

cu r ren t .  I n  t h i s  condi t ion  t h e  FET is  a t  i t s  minimum r e s i s t a n c e  and t h e  

source impedance approaches t h e  1 MQ of the  viewing r e s i s t o r .  To o b t a i n  t h e  

h ighes t  source impedance, t h e  vol tage  f o r  t h e  feedback r e s i s t o r  should be as a l a r g e  as poss ib le .  



A t  t he  o the r  extreme, the  minimum curren t  i s  set by the noise  l e v e l  of 

t h e  c i r c u i t  and the  leakage r e s i s t a n c e  of t he  FET and c i r c u i t  components; a 

p r a c t i c a l  value f o r  t he  leakage r e s i s t a n c e  i s  10 Q. With the  present  

c i r c u i t ,  a cur ren t  range of 4 orders  of magnitude (100 pA t o  2 pA) can be 

obtained by ad jus t ing  the  input  vo l tage  from 0 t o  15 vo l t s .  

11 

Capacitance of the  c i r c u i t  and FET is  an important parameter which can 

l i m i t  t he  rise and f a l l  t i m e s  of the  pulse. 

t h i s  app l i ca t ion  with input  and output capaci tances  of 4 and 2 pF. With 

proper choice of design parameters, c a r e f u l  c i r c u i t  layout and use of 

sh ie lded  w i r e s  f o r  input  and output l i n e s ,  switching spikes  can be g r e a t l y  

reduced, while allowing a rise t i m e  of less than 10 vsec f o r  a 50 kQ load 

(see  Figure 2). 

The 2N4416 i s  w e l l  s u i t e d  t o  

Adjustment of the  ga t e  vol tage  a t  zero input  is  cri t ical:  i f  i t  i s  too  

low then t h e r e  i s  an input  threshold,  and switching spikes  appear. I f  t he  

l e v e l  is  set  too high then excessive leakage cur ren t  flows. B e s t  operat ion 

w a s  found t o  be when t h e  ga te  vol tage  was  ad jus ted  t o  give a leakage cur ren t  

of 200 PA. Figure 3 shows an 800 PA pulse  with t h i s  o f f s e t .  

Performance of t he  cur ren t  source versus  load impedance i s  shown i n  

Figure 4 f o r  cur ren ts  of 10 nA and 1 a. 
used f o r  t he  measurements t o  minimize shunt ing of t he  load r e s i s t o r .  The 

LP356 opamp had an input  impedance approaching 10 Q. Measurements below 

100 kQ w e r e  d i f f i c u l t  f o r  t h e  10 nA curren t  due t o  low s igna l .  

An FET input  buf fer  ampl i f ie r  was 

12  

A t  1 PA, performance of t h e  source f e l l  f o r  loads above 1 Ma, as t h e  

vol tage  across  the  FET became too  low f o r  e f f e c t i v e  control .  A lower 

cur ren t  sensing r e s i s t o r  would have extended the  range, but would compromise 

t h e  lower cur ren t  performance. For t h e  10 nA tests t h e  departure  from 

constant  cur ren t  becomes no t i ceab le  as the  load becomes a s i g n i f i c a n t  

f r a c t i o n  of t he  t o t a l  r e s i s t a n c e  required f o r  t he  des i red  cur ren t .  

Increas ing  t h e  c i r c u i t  ga in  reduces t h e  e f f e c t  . 
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Conclusion 

A s igna l  generator has been developed t o  test  c i r c u i t s  requi r ing  a high 

output impedance, simulating a t r u e  current source. 

number of ways t o  producing a dc low current source, t h i s  source can a l so  be 

used i n  a pulsed mode. By using an FET as a dynamic r e s i s t o r ,  a wide 

current range can be obtained. 

risetime by overdriving the  PET t o  compensate f o r  c i r c u i t  capacitance. 

r e s u l t  t he  source is ab le  t o  provide current pulses from 100 PA t o  2 IJA 

while contributing less than 10 usec t o  the  risetime. 

While the re  are a 

Active feedback a l s o  improves the  pulse 

A s  a 
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